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This document provides general design specifications for the construction of a household- to community-scale 
drinking water purification system to remove chemical pesticides and can be constructed by the system’s operators 
using simple, inexpensive and locally abundant materials. The system also incorporates ultraviolet disinfection to 


neutralize biological contaminants. 


Note: 
Over winter 2007/08, AqueousSolutions is developing a full-featured prototype system for an organic farming 
community in rural northern Thailand. Please check our website (http://aqsolutions.org) periodically as we will be 


posting more detailed design specifications and datasets as we construct, monitor and modify the system. 


Biological Decontamination 


Contaminants that compromise the safety of drinking water are both biological and chemical and different strategies 
are required for their neutralization or removal. Strategies for removing biological contaminants include filtration 


with ceramic filters, chemical treatment (e.g. with chlorine or iodine), and exposure to ultraviolet (UV) radiation. 


UV radiation is the surest method for biological decontamination, though until recent years it has been too delicate, 
expensive, complicated and resource intensive for use at the household or community scale in developing societies. 
Recently however, researchers and engineers have pioneered the development of simple, inexpensive and robust UV 
systems. AqueousSolutions has partnered with the US- and Vietnam-based MEDRIX, Inc. (Medical, Educational 
and Development of Resources through International eXchange), a non-profit company that has developed and 
deployed robust and inexpensive point-of-use germicidal UV units in a number of Southeast Asian communities to 
receive the materials and training for implementation of this aspect of the treatment system. We refer the reader to 


their website (www.medrix.org) for detailed information regarding the germicidal UV units. 
Chemical Decontamination 
Biological contamination of drinking water is only part of the problem, especially when considering pesticides and 


other agricultural runoff. Filtration with ceramics, chemical treatment and UV radiation will not remove pesticides 


from drinking water. 
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Charcoal (graphite carbon) is an inexpensive material that has been manufactured worldwide for millennia, and 
because of its electrochemical surface properties has great potential for effectively removing agrichemical 
contaminants from water. Charcoal water filtration is in fact an ancient technique, and today is employed at the 
municipal scale for water treatment. The charcoal that is used in water treatment plants, however, is a high-grade 
material produced using an industrial process to increase its reactivity and enhance its capacity as a filtration 
medium (often called “granular activated carbon,” or GAC). The US EPA, the World Health Organization and 
numerous academic studies identify granular activated carbon (GAC) as the best available technology for the control 
of many agrichemicals and synthetic organic chemicals in drinking water, ii iv 

The charcoal filtration system design presented here, under development by AqueousSolutions, utilizes basic, 
garden-variety charcoal that can be produced at home or purchased in local markets all over the developing world. 
Our research suggests that this material performs nearly as good as industrial GAC as a filtration medium. For 
example, studies have shown low-grade char from the burning of crop residues to be about one-third as efficient for 
adsorbing dissolved pesticides when compared with industrial-grade GAC.” “" Since the wheat straw was exposed 
to air during the charring process, it is likely that proper charcoal manufactured in an earthen kiln or brick oven is of 
appreciably higher quality than wheat straw char and exhibits a significantly larger capacity for adsorption of water 


contaminants. 


Treatment System Design 


The amount charcoal necessary to treat a given volume of drinking water depends on the concentration of 
contaminants in the water as well as the chemical adsorption capacity of the pulverized charcoal. The 
AqueousSolutions research team will conduct laboratory experiments to precisely quantify the chemical adsorption 
capacity of a variety of charcoal materials during spring/summer 2008. Please check our website 
(http://aqsolutions.org) periodically as we will be publishing the datasets and subsequent refined design 


specifications for the treatment system. 


The water filtration system described here is designed around a general set of parameters, making conservative 
estimates regarding its capacity for contaminant adsorption. In place of experimental data using specific 
agrichemical pesticides, we regard dissolved organic carbon (DOC) as our general contaminant and design the 
system around its removal. Several studies have shown that DOC adsorption by granular carbon can block or 
displace other adsorbed organics such as pesticides.” Therefore, we estimate the capacity of charcoal to adsorb 
DOC in general, assuming a modest propensity for adsorption on the part of the charcoal and a generous 


concentration of DOC in the local water supply. 


Conservatively assuming 10 mg DOC/g charcoal as the adsorption capacity of charcoal” and 50 mg DOCIL as the 


DOC concentration in natural surface waters*, we estimate that 5 grams of charcoal are needed to sufficiently purifi 
g y purity 
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1 liter of water. With this ratio, and assuming the EPA recommended daily water intake of 2.5 liters per person per 
day, roughly 4.5 kilograms (about 10 Ibs.) of charcoal are required to supply drinking water to one person for one 


year. 


Source water influent Lb 
V 


Container, e.g. oil drum or concrete rings 


Photovoltaic panel 


Pulverized charcoal 


Clean water 
effluent 


Perforated pipe 


Cartoon illustration of the treatment system design 


Design for a gravity-fed system will employ a sand pre-filter followed by pulverized charcoal filter medium 
supported on a bed of gravel. Exposure to UV radiation after filtration will neutralize biological 
contaminants. A photovoltaic panel provides electricity for the UV lamp. 


Conservative estimates suggest that the sand layer should be about 50 centimeters thick. The sand acts both as a pre- 


filter to remove particulates and to precipitate aqueous iron complexes, which can interfere with UV disinfection.™' 


A diffuser plate is placed over the sand to reduce the turbulence of the influent and prevent channels forming 
through the sand. The thickness of the charcoal layer will depend upon how many people are using the system as 
well as its desired lifetime (i.e. the time until the charcoal has to be replaced). The purpose of the gravel layer is to 
prevent clogging of the perforated pipe by carbon granules — this layer need only be about 20 centimeters in 


thickness. 


For more information on pesticides and drinking water filtration using charcoal, see our website: aqsolutions.org 
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